Melting points (mp) were recorded on a Yanaco MP-53 melting point apparatus.
Experimental Procedures and Characterization Data
Benzyloxybutadiene 10: NaH (ca.60% in mineral oil, 3.90 g, 97.5 mmol) and WX-R (441 mg, 2.00 mmol) was suspended with dry DMSO (120 mL) under argon and BnOH (7.50 mL, 72.1 mmol) was added dropwise. After being stirred at room temperature for 1 h, (Z)-1,4-dichloro-2-butene (13) (3.00 mL, 28.5 mmol) was added and stirring was continued at 50 o C for 22.5 h. Being cooled at 0 o C, the reaction mixture was diluted with Et 2 O (50 mL) and saturated aqueous NH 4 Cl (150 mL) was added. After separation of the organic layer, the aqueous layer was extracted with Et 2 O (150 mL × 3). The combined organic layer was washed with H 2 O (× 1), dried over anhydrous Na 2 SO 4 , and evaporated to dryness in vacuo. The residue was purified by flash column chromatography (silica gel 60N: 350 g, Et 2 O/hexane = 1/50 to 1/40 to 1/30) to give a mixture (3.00 g, 66%) of (E)-10 and (Z)-10 as a yellow oil. The ratio of (E)-10 and (Z)-10 was determined to be 6.6:1 by 1 H NMR spectra. (3.0 mL) and H 2 O (1.0 mL) was cooled at -10 o C. Acrolein (3.00 mL, 45.6 mmol) and a solution of 6.6:1 mixture of (E)-10 and (Z)-10 (2.83g, 17.7 mmol) in MeOH (3.00 mL)
were added. After vigorous stirring at -10 o C for 22 h, the mixture was diluted with H 2 O (100 mL). The resulting solution was extracted with Et 2 O (100 mL × 3). 4, 24.0, 50.4, 70.3, 70.5, 125.3, 127.6, 127.7, 128.4, 132.4, 138.3, 203 .8.
Bromolactone 15: To a solution of 14 (1.72 g) in DMF (40 mL) was added Oxone ® (3.68 g, 12.0 mmol) in one portion. After stirring at room temperature for 2 h, the reaction was quenched with 5% aqueous HCl (100 mL). The resulting solution was extracted with EtOAc (80 mL × 3). The combined organic layer was washed with 5%
aqueous HCl (× 2) and brine (× 1), and dried over anhydrous Na 2 SO 4 . Evaporation to dryness in vacuo gave a crude product of carboxylic acid.
The crude product was dissolved in CH 2 Cl 2 (30 mL), then a solution of NaHCO 3 (3.31 g, 39.5 mmol) in H 2 O (6.0 mL) was added. The solution was stirred for 5 min followed by 73.5, 74.1, 77.4, 126.4, 127.4, 127.48, 127.53, 127.7, 127.9, 128.0, 128.25, 128.29, 128.46, 128.50, 138.5, 139.0, 139.7 9, 35.4, 68.4, 70.7, 71.2, 71.8, 73.1, 73.8, 74.4, 81.4, 127.3, 127.5, 127.6, 127.7, 127.8, 128.2, 128.4, 128.6, 138.2, 138.4, 139.3 was added. The solvent was evaporated to dryness in vacuo. Then, the mixture was dissolved in dry DMF (1.2 mL), and BnBr (60 µL, 5.1×10 -1 mmol) was added at 0 o C.
After stirring for 2.5 h at room temperature, the reaction was quenched with MeOH (2 mL) and saturated aqueous NH 4 Cl (2 mL). The resulting mixture was stirred for further 1 h, then diluted with H 2 O (10 mL). Extraction with EtOAc (10 mL × 3) and the combined organic layer was washed with H 2 O (× 2) and brine (× 1), dried over anhydrous Na 2 SO 4 , and evaporated to dryness in vacuo. The residue was purified by flush column chromatography (silica gel 60: 15 g, Et 2 O/hexane = 1/3 to 1/2) to give 3
S9
(118 mg, 87%) and 22 (7.5 mg, 6%) as yellow oils. 8, 35.9, 70.9, 71.7, 71.8, 72.6, 73.3, 74.6, 74.7, 76.9, 82.2, 127.4, 127.6, 127.66, 127.70, 127.78, 127.80, 127.9, 128.3, 128.49, 128.54, 138.5, 138.76, 138.82, 139.5 (R)-benzylidene acetal 21a and (S)-benzylidene acetal 21b: To a solution of S1 (189 mg, 7.15 ×10 -1 mmol) in dry CH 2 Cl 2 (3.5 mL) were added benzaldehyde dimethylacetal (0.30 mL, 2.0 mmol) and anhydrous p-TsOH (7.2 mg, 4.18 ×10 -2 mmol). After stirring for 2.5 h at room temperature, the reaction was quenched with saturated aqueous NaHCO 3 (20 mL). The resulting mixture was extracted with EtOAc (20 mL × 3), then the combined organic layer was washed with brine (× 1), dried over anhydrous Na 2 SO 4 , and evaporated to dryness in vacuo. The residue was purified by flash column chromatography (silica gel 60N: 15 g, Et 2 O/hexane = 1/2 to 2/3 to 1/1) to give a mixture of 21a and 21b, which was further purified by flash column chromatography (silica gel 60N: 1.5 g, Et 2 O/hexane = 1/2) to provide 21a (25.6 mg, 10%) and 21b (173 mg, 69%)
as white crystals. 2, 41.3, 71.1, 71.2, 75.1, 77.8, 80.0, 103.7, 126.0, 127.8, 128.3, 128.68, 128.73, 129.5, 137.1, 137.9, 177 7, 41.3, 70.8, 71.8, 75.3, 76.1, 79.7, 103.6, 126.6, 127.8, 128.2, 128.72, 128.74, 130.0, 135.4, 137.0, 177.8; HRMS ( were added acetone (2.5 mL) and then saturated aqueous Rochelle salt (3 mL). The resulting mixture was stirred for 30 min at room temperature and then diluted with H 2 O (5 mL). The resulting mixture was extracted with EtOAc (5 mL × 3), and the combined organic layer was dried over anhydrous Na 2 SO 4 . Evaporation to dryness in vacuo gave a crude product of diol.
The crude product was dissolved in dry DMF (2.5 mL) and NaH (ca.60% in mineral oil, S12 103 mg, 2.58 mmol) was added under argon atmosphere. After stirring for 15 min, BnBr (0.20 mL, 1.7 mmol) was added and the mixture was stirred at room temperature.
After 2 h, BnBr (0.10 mL, 8.4×10 -1 mmol) was added and the mixture was stirred further 20 min. The reaction was quenched with MeOH (2 mL) and saturated aqueous NH 4 Cl (3 mL), and stirring was continued for further 30 min. The resulting mixture was diluted with H 2 O (20 mL) and extracted with EtOAc (20 mL × 3). The combined organic layer was washed with H 2 O (× 1) and brine (× 1), dried over anhydrous Na 2 SO 4 , and evaporated to dryness in vacuo. The residue was purified by flash column chromatography (silica gel 60N: 15 g, EtOAc/hexane = 1/14 to 1/9) to give 20b (147 mg, 54% in 2 steps) as a yellow oil.
[!] ! !" +49. 7, 36.4, 70.8, 71.9, 73.3, 74.4, 75.1, 77.2, 78.9, 83.3, 103.6, 126.6, 127.46, 127.50s, 127.7, 127.8, 127.87, 127.89, 128.3, 128.4, 128.45, 128.52, 129.1, 138.4, 138.5, 138.9, 139.4; HRMS (ESI) 8, 36.2, 70.7, 71.9, 73.2, 74.2, 74.5, 75.0, 79.4, 80.3, 102.4, 126.3, 127.5, 127.6, 127.7, 127.8, 127.9, 128.3, 128.46, 128.47, 128.53, 129.0, 138.5, 138.8, 139.4, 140.0; HRMS (ESI) mmol) was added dropwise under argon atmosphere. The mixture was allowed to -20 o C and stirred for 2 h. To the reaction mixture were added MeOH (1 mL) and then saturated aqueous Rochelle salt (1 mL). The resulting mixture was stirred for 1 h at room temperature, diluted with H 2 O (5 mL), and extracted with EtOAc (5 mL × 3). The combined organic layer was washed with brine (× 1), dried over anhydrous Na 2 SO 4 , and evaporated to dryness in vacuo. The residue was purified by preparative TLC (EtOAc/hexane = 1/2) to give and 3 (0.9 mg, 4%) and 22 (19.1 mg, 80%).
